Review Article
So far, there is no systematic analysis of the scientific literature about this specific topic. This study aims to address this research gap with a bibliometric analysis of the most influential publications in musculoskeletal childhood TB.
materIals and methods
We performed a bibliometric analysis of the 100 most cited articles on musculoskeletal TB infections in children published in any medical or nonmedical journal between 1950 and 2014.
Inclusion criteria
All studies on TB of bones and joints were screened for the patients' age of the study population. Only studies addressing TB in children were included.
Exclusion criteria
Studies focusing only on adults were excluded. Furthermore, studies that did not have any focus on bone or joint involvement due to TB infection were excluded from our analysis. For example, a study describing the clinical course of TB which only focused on the general epidemiology with no records of musculoskeletal involvement was excluded. All studies describing adults with a background of childhood TB were excluded as well.
Data collection
We performed an advanced title and topic search in "all databases" of Thomson and Reuters "Web of Knowledge," using the following Boolean query as a basis: Tubercul* AND (child OR paediatric*). The asterisk (*) implying that the specific word may have different endings to cover all possible meanings (such as tubercular, tuberculous, or tuberculosis). In addition to this, our basic query as mentioned above was followed by any of the terms: AND bone OR joint OR musculoskeletal OR orthopaedic OR osteoarticular OR Potts-disease OR hip OR knee OR ankle OR elbow OR shoulder OR foot OR hand OR wrist OR spinal.
This first search produced 646 articles. We systematically analyzed the titles and abstracts of the top 50 most cited articles of this search to determine further keywords which might have been missed in our first search.
A second search was performed with 22 new keywords (List I) with the following Boolean query as a basis: Tubercul* AND (child* OR pediatric* OR paediatric* OR infant*).
This second combined search yielded 4465 results in total, which were sorted based on the number of citations, from highest to lowest. Of the top 338 articles, we chose the 100 most cited studies based on our inclusion and exclusion criteria.
For each single study included, the following parameters were documented: title, journal, year of publication, age, first author, senior author, total citations, citation density, citations in 2014, geographic origin, institution, number of patients, and age group of patients (adults and/or children).
Analysis
The selected articles were analyzed according to subspecialty, type of study, and a level of evidence (LOE). For the LOE, the guidelines of the Journal of Bone and Joint Surgery, American Volume were used to assign level I (highest LOE) to V (lowest LOE) for every clinical study. Nonclinical (i.e., basic research) studies were not assigned to an LOE. A consensus approach was used in cases of disagreement between the researchers.
For studies with only one reported author, both first and senior authorship were assigned.
The ranking of included studies was given according to their total number of citations, from highest to lowest citation rate. Studies with an equal number of citations were ranked according to their average citations per year and citations in 2014.
For statistical analysis, the program SPSS (PYTHON Version 3.4.3, SPSS IBM, NY, USA) was used.
results

Age -Oldest versus newest
All articles included were published between 1967 and 2011, with an average publication age of 23.1 years [ Table 1 ]. The citation rate per publication of the total of 100 studies ranged from 690 to 30, with an average citation rate of 74.26. Most articles included studies were published in the first decade of 2000 (n = 30). There were no publications included from the 1950s although this decade was eligible to be recorded in this bibliometric analysis. Contd... Contd... Table 3 ]. Four publications were published by Moon, Jain, and Leong, all with at least one senior authorship.
author [
Geographic origin
Of a total of 27 different countries identified [Table 4 ], the geographic origin with most published studies was India (n = 22), followed by the USA with 21% of included publications. Countries with <10 published articles were Hong Kong (n = 9), England (n = 7), South Africa (n = 7), South Korea (n = 6), and Canada (n = 4). From most countries, only one article was published, except for Turkey, Sweden, Germany, and France, with each two articles.
Asia as a continent produced most publications (40%) with India in the first position (n = 22), Hong Kong Most influential publications: Total citations (n), citations in 2014 (n), citation density (n/years) second (n = 9), and South Korea third (n = 6). Taiwan, Singapore, and China all published one. This was followed by North America with 25%, of which the USA brought up 21 and Canada four.
Europe produced 24% of all articles, with most from England (n = 7). All responsible for two publications were Turkey, Sweden, Germany, and France. Switzerland, Scotland, Portugal, The Netherlands, Italy, Ireland, Greece, Finland, and Belgium all published one each.
The continent of Africa only produced eight percent of all publications, seven of which from South Africa and one from Algeria. The Middle East published just two from Saudi Arabia and Iran. Papua New Guinea was the only country representing the continent of Oceania with just one publication.
Although there were no language restrictions recorded in our inclusion criteria, all studies included were published in English.
Study type
The majority of publications were identified as review articles (42%) when looking at study type [ Figure 1 ]. In our selection, 32 studies were listed as therapeutic studies. In total, 19 studies were diagnostic studies, focusing on medical imaging and tests. Seven articles were prognostic studies.
Category, area of research
With respect to the area of research [ Figure 2 ], almost half of all publications focused on the clinical course (n = 48). Clinical outcome was the focus of 22 studies; surgical technique was listed third with 14% and medical imaging with 11%, respectively. Only a limited number of publications focused on medical treatment (n = 3) or laboratory tests (n = 2).
Anatomy and patients
Half of the articles (53%) focused on TB of the spine. The latter half (n = 47) focused on different body parts or specific joints such as the knee, hip, and ankle.
Only 25% of all the included publications focused exclusively on children [ Figure 3 ]. The majority of which (n = 22) provided specified ages of all included patients, whereas three studies did not. The remaining 75% focused on both adults and children, which was listed as one of our inclusion criteria. Similarly, the majority specified for age of the included patients (n = 46) versus 29 studies which provided unspecified age groups.
Quality
Forty-four articles were retrospective level IV studies [ Figure 4 ]. Only two studies were level I studies, seven studies level II, 20% level III, and six studies level V. There were 14 publications that could not be assigned an LOE due to being a "basic" study type, providing a general overview and therefore do not go into detail with regard to our studied topic.
Top 10
Of the 10 most cited publications [ Table 5 ], 50% originated from the United States (n = 5). The author with most publications in the top 10 was Moon from South Korea with two publications.
dIscussIon
Age -Oldest versus newest
Although our selection of articles has an average age of 23.11 years, most were published between the years of 2000 and 2010 (n = 30). The 1990s were the second most productive decade with 28 studies. This means that most high impact articles have been written in just 20 years around the turn of the century.
The most recently published article in our selection is from the year 2011. With a total citation number of 41, this merely 5-year-old article was cited 12 times in the year of 2014 alone, exceeding our top three publications. This publication focuses on spinal TB and is once more a review article. It is written by Garg and Somvanshi and originates from India.
The oldest articles included are almost 50 years, and although listed further down in this ranking, the number of citation was still above 30.
The most cited article in 2014 is another recent article from 2010, listed in the 13 th place. It has the highest citation number of the preceding year with 30 total citations and a citation density of 18.17 citations per year, the third highest in our selection. It is titled Spinal TB: A Fresh Look at an Old Disease and has the potential to become one of the most influential publications in childhood musculoskeletal TB. 
Journals
The J Bone Joint Surg British has so far published the highest number of articles in our selection (n = 23), followed by J Bone and Joint Surg Am (n = 7). Yet, the top articles in terms of citation have been published by American journals (J Bone Joint Surg Am, Medicine and Spine).
Most publications (49%) were found in journals focusing on orthopedics. Of these, 10 articles were published in journals focusing especially on spine. Interestingly, 13 publications could be found in 11 journals focusing on medical imaging or radiology. In total, only five journals could be identified as specialized in pediatrics, bringing up just ten publications (n = 10) in total, but seven (n = 7) ended up in the top 10.
Geographic origin
TB remains a global health issue, especially in the developing countries. [1, 2] Although cases of TB are seen all around the world, the true burden of TB disease lies in the developing world, where this pathogen is still responsible for infecting around ten million people each year. [1] South Africa is known to have the third highest incidence rate of TB worldwide, after India and China. [10] Most publications originated from India, which also is the country with the highest burden of TB in the world. [10] With only one publication less, the USA-based research was also the main contribution to our selection of articles. Besides India, most research originated from first world countries indicating a major lack of indigenous research from countries of high disease burden.
This might be due not only to resource limitations but also to distance between medical centers and collaborators, especially in Africa.
For instance, India has many orthopedic centers with pediatric subspecialists, whereas these services are very scarce in African countries.
Study type
The "overview article" was the most frequently identified study type in the included publications. This shows the distinct characteristics of an infrequently studied topic. As the treatment of musculoskeletal TB in children is still a highly complex component, therapeutic studies were listed as a second most identified study type, demonstrating the comprehensiveness of its therapy and outcome.
Quality
Overall, there was a low level of scientific evidence as most publications were based on retrospective, level IV studies, conducted over long periods of time. Especially in studies that focused exclusively on children, the LOE was low.
This might be due to the fact that this disease is rare in children or that countries with high TB burden are often resource restrained and do not have the infrastructure to conduct large prospective trials. Spinal TB is most frequently seen in musculoskeletal TB infection which might explain that this was also the most studied anatomical body part.
Anatomy and patients
According to our inclusion criteria, all included studies had to involve children, which did not mean to exclude adults. The majority of publications also included adults. It shows that highly influential publications in TB research, specifically focusing on children, are very rare.
Top 10
All top 10 publications were written and published in the decades before 2000, making it more likely to gain a higher number of citations mainly due to the age of the article.
These articles were still cited regularly in 2014 and stay relevant to the research field.
The publications with the highest citations in this group are review articles and might be used by many authors as a basis for their literature review.
Limitations
Bibliometric analyses have possible limitations. [11, 12] They are based on citation analysis which is time dependent. Therefore, it has to been taken into account that such a study only reflects the findings of one moment in time and provides a snapshot of most influential literature. Nonetheless, they remain to be the current gold standard with regard to establishing the scientific impact factor.
Yet, the citation number of an article is merely a display of the overall interest in that specific publication and does not reflect its quality per se. It only shows the recorded time in the cited references. This may even mean it was only cited by other papers to refute the research, to demonstrate its faulty methods, fraudulent data, or other limitations.
conclusIon
Although most publications originate from India, there is a lack of publications from other countries with a high burden of disease. Furthermore, the quality of studies is rather low, musculoskeletal TB is less frequently studied in children than in adults and spinal TB is mostly addressed. Therefore, possibilities are initiated and opportunities are raised for high burden countries to share their opinion. Since they should be considered experts on the subject, their limited-resource experience is of a high level of importance and relevant to the rest of the affected third world countries.
Future studies should focus on prospective research and consist of larger patient populations to improve the LOE. Finally, musculoskeletal TB in childhood specifically should be addressed more often and include affected anatomical areas other than the spine.
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